Résumé La dynamique du réseau du trans-polyacétylène est présentée et comparée avec les vibrations des liaisons C=C et C-C dans les polyênes courts. Ce modèle nous a aidé à expliquer la forme et la position des bandes Raman. Les résultats obtenus sur le renforcement sélectif de l'effet Raman sont interprétés en fonction du temps de vie de la photoexcitation.
Abstract
The lattice dynamics of trans-polyacetylene is discussed and compared with the vibra_ tional C=C and C-C stretching frequencies of short polyenes. The widths, the shape and the position of the Raman bands and their variation with the laser frequency are interpreted in terms of the lattice dynamical model. Some consideration on the selec_ tive resonant enhancement as a function of the lifetime of the photoexcitation are also presented.
Aim of this note is to discuss the implications of the lattice dynamics in the Resonant Raman (RR) Scattering of trans-polyacetylene (pa). In previous papers d, 2) we have shown how to derive bond-bond long range interactions for an infinite trans polyene chain by extending a method proposed by Kakitani W' for short polyenes and aromatic molecules. In this model the electron-electron correlation is neglected and long range force constants arise from the electron-phonon (e-p) coupling ' 4 '. The dy namical matrix can then be expressed in terms of a very limited number of parameters, namely six force constants describing the short range forces which arise from the de formation of the .0" electrons and an additional parameter for the bond-bond interactions, coming from the deformation of extended IT electronic states. This latter paza_ meter, which describes the e-p coupling, is expressed in the framework of the Hiickel' s theory (5) as -^j^g fi rs t derivative of the transfer integral with respect to the bond length 30/3R. The force field has been determined by a least squares fitting on the experimental frequencies of trans-(CH) X ,(CD) X and (C13H) X . By using for 3g/SR a value consistent with the experimental energy gap, the frequencies of the most intense Raman active C=C and C-C stretching modes for short polyenes fall on the dispersion curves of the infinite chain at intermediate wavevectors corresponding to q=ir/a(n+1) , ' ' n being the number of double bonds, a the size of unit cell. In Fig.1 the results relevant for the interpretation of the Raman bandshapes w> 8 > 9 ) in both (CH) X and (CD) X are summarized. The following remarks can be made i) the widths of the Raman bands are clearly related to the corresponding calculated phonon dispersion ii) the position of the peaks for the two limiting excitations (676 and 350.7 nm) corresponds to the phonon frequencies at the center and at the edge of the Brillouin zone respectively. An interpretation of the Resonant Raman bandshapes can be attempted as follows. During the thermal isomerization of the cis polymer a number of conjugation defects are created which destroy the translational invariance of the chain. This.causes an activation of phonons with finite wavevectors which correspond to the most intense Raman modes of segments with short conjugation length. The activation of the whole phonon spectrum in the first order Raman scattering has been already observed in other materials without long range order, such as amorphous 3-d se_ miconductors, where the shape of the Raman spectrum maps the density of the states g(V) 110)^ The expression for the scattering intensity can then be written
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As matter of fact for both C=C and C-C stretchings the low-frequency side of the Raman bands consists of a sharp, asymmetric, exciting frequency independent peak reminescent of the inverse square root type singularity of the density of the states g(v) and of a broad feature which appears with increasing intensity as the laser is tuned towards higher frequencies (aL) (7, 8) . This latter feature can be related to the selective resonance enhancement of finite segments (Fig. 2) , whose polarizability matrix element a(v) has a maximum which moves towards higher vibrational frequencies as increasingly shorter conjugation lengths are brought into resonance conditions. A number of authors ( 8 ' 9 J ) have proposed theoretical models for the interpretation .
.
of the observed spectra, in the attempt of providing a quantitative estimate of the average conjugation length. This quantity is certainly of primary importance in relation to the morphology and the conduction mechanism in this polymer. We feel however that the lack of knowledge of the vibrational and electronic states and their 1L fetimes as a function of n prevents to reach a definitive answer to this problem. The main difficulty arises in determining whether the contribution to the scattering intensity of short segments comes from their concentration or from resonance effects. A rough estimate of the intensity enhancement due to resonance effects can be obtained as follows. Assuming only two electronic states the first order R.R. cross section for a conjugated segment of length n can be written as (I2'
where QL is the laser frequency, M is the electric dipole matrix element, wn is the vibrational frequency for a chain of conjugation length n and Rg the corresponding purely electronic transition (no phonons created or destroyed), A is the dimensionless displacement between the equilibrium position of the ground and the excited st& te and y is the inverse lifetime of the excited vibronic state. Within the framework of Hiickel's theory of the conjugated systems (5) M is proportional to the square root of the conjugation length n and therefore dCn!RL)/dR = n20n(RL). In the weak coupling limit only the k=O term is relevant, exp( -A2/2) + 1 and therefore
The ratio on/om represents the enhancement factor of a double bond in a segment of conjugation length n with respect to a double bond in a very long conjugated sequence. In Table 1 the enhancement factors on/om for various RL are reported as a function of y. If s denotes the ratio between the areas of the low and the high frequency peak of the Raman band, ns and nt the number of bonds residing in "short" and "long" conjugation lengths respectively, one has (nR/nsf=s(os/uR). It is apparent from Table 1 that the enhancement factor on/o, depends quite critical ly on the lifetime of the excited vibronic state. An increasingly larger concentra--tion of short chains is required to fit the spectra as the damping factor becomes larger. In particular the bandshapes exhibited by the spectra taken with RL = 21839 cm-' (s ' l . 0.2) are consistent with a percentage of long chains which varies from 93%
to 66% as y is changed from 2000 cm-' to 6000 cm-'.
It must be noticed that a rather low concentration of short chains is inferred from the spectra taken with the 350.7 nm excitation (9) (see Fig. I ), which still shows the peaks corresponding to the long conjugated lengths (1072 and 1466 cm-') even if they are in completely off-resonance conditions. In conclusion our analysis of the RR Scattering from--pa favours a structural model in which short conjugation sequences are present in rather small concentration The spectra reported in literature and also some preliminary data obtained in our la boratory show drastic changes in the shapes of the RR bands when polymerization andisomerization conditions are changed, as well as in connection with the thermal hystory of the sample, suggesting that cross links are probably responsible for the breakdown of the conjugation. As a matter of fact the e-p coupling should produce strongly dispersed C=C phonons also in the cis-pa. The sharp and symmetric Raman peaks observed in this case suggest thasefects responsible for the activation of phonons with intermediate q vectors are formed by thermal isomerization and not during the polymerization process. More Raman data taken with excitations in the near W region are certainly needed. Also an experimental estimate of the lifetime of the photoexcited state could clarify if an appreciable concentration of short chains or resonance effects are responsL ble for the observed bandshapes of the RR spectra. Table 1 Resonance enhancement factors (~q.3) as a function of y for various exciting frequencies. ni= 14500+55000/n; wn=w= 1500 cm
